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Summary: Concentrations of electrolytes, lactafe, urea, glucose, total lipids and total protein were measured in
sweat obtained by thermal Stimulation of apparently healthy volunteers. Blood and urine samples were also col-
lected. Electrolytes, urea and total protein were also measured in serum. The concentrations of electrolytes, glucose
and urea in sweat increased with age, and this increase was more apparent in males, probably due to certain age-
related changes in male sweat glands. The concentrations of lactate, total protein and total lipids in sweat, however,
were not age-dependent. The concentration of total protein was higher in females than in males. The concentrations
of all the other analytes were higher in males than in females of the same age group.
f
l Introduction
Sweat is a dilute electrolyte solution containing small
amounts of other constituents. Its primary physiological
function, äs far äs is known, is the control of body tem-
perature (1).
Although the total amount of sweat produced at any time
i over the whole body surface may be large, particularly
during exercise, the local amount is usually small. One
problem in studying sweat is sample collection (2).
There are two types of sweat:
eccrine, produced by eccrine cells on most of the body
surface and stimulated by cholinergic fibres present in
sympathetic nerves, and
apocrine, produced by apocrine cells developed from
hair follicles and located mainly in the axilla and pubic
areas, whose secretion is stimulated by adrenaline (3).
The eccrine sweat gland consists of a secretory coil and
a duct. The secretory coil produces primary secretion.
!) This work is part of the M. Sc. thesis of Eman Adil Hadi pre-
sented to Mosul University.
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Its composition is very similar to that of plasma except
for protein. It contains high concentrations of Na+ and
Cl~ but much smaller concentrations of other solutes.
As this fluid passes through the duct, most of the Na+
and Cl" is reabsorbed, reducing the osmotic pressure
so that most of the water is reabsorbed. This process
concentrates most of the other constituents (4).
The normal unacclimatized subject produces about 700
ml of sweat every hour when exposed to hot weather for
1-^6 weeks. This amount increases to 1500 ml hourly
when the subject is exposed for longer periods. Evapor-
ation of the fluid removes body heat at a rate 10 times
higher than the basal rate. With acclimatization the NaCl
concentration of the sweat decreases, so that NaCl is
conserved. This effect is largely due to aldosterone se-
cretion (4). Iii addition to hot climatic conditions, sweat-
ing is also induced by emotional state, exercise, fainting,
vomiting and gustatory factors (5).
This work was initiated to obtain more Information
about the chemical composition of eccrine sweat fluid
and its relationship with age. In our opinion, this may
provide usefiil, clinically relevant Information, particu-
larly in diabetic and uraemic cases.
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Materials and Methode
Subjccts
The voluntcers were apparently healthy subjects (not suffering
from cystic fibrosis, diabetes or uraemia). None of them was under
treatment. They were all residents of Mosul city.

















The facial area was thoroughly cleaned with water and dried im-
mediately before starting the experiment. The subjects were al:
lovved to stay in ambient temperature ranging from 40-45 °C
(which is the normal day temperature during the Iraqi summer
months).
After 2-3 minutes, drops of sweat accumulated on the skin of the
subjects and were immediately withdrawn with a syringe; 10—15
ml of sweat were collected in this way. Samples were then divided
into 3-4 portions and kept in thoroughly washed capped glass
tubes (rinsed several times with distilled water and dried). They
were then kept frozen at —20 °C for not more than 30 days be-
fore analysis.
Blood samples (5 ml) were withdrawn, and serum samples were
separated and stored in capped tubes at —20 °C for not more than
15 days before analysis.
Urine samples were obtained at the time of sweat collection, kept
in clean plastic Containers and used immediately.
Chemicals and reagents were obtained from Fluka Chemie AG,
CH 9470 Buchs, Switzerland, or BDH Limited, Poole, England.
Methods
The Na+ and K+ concentrations of sweat and serum were meas-
ured by flame photometry (5) and Cl~ concentration by a spectro-
photometric method (hexachloroferrate complex at 348 nm) (6).
Sweat lactate concentrations were measured by an enzymatic me-
thod (7). Serum and sweat urea concentrations were determined by
the diacetyl monoxime method (5). Sweat glucose was measured
by a modified Harding method (7, 8) and total protein by the Lowry
method (9). Total plasma protein was measured by the Biuret me-
thod (10). Total lipids were determined by the phosphovanillin
spectrophotometric method (5). . f
Ufine samples were tested for alburnin by the acetic acid method
(11) and for sugar by using test strips fEli Lilly and Company,
Indianapolis, IN 46285, U. S. A.). .
The Wilcoxon rank-sum test of statistical analysis was used
throughout the study.
Pooled human serum was used äs a quality control sample. The
coefficient of Variation was less than 5% for all tested quantities,
except lactate which showed a CV of 10%. For most studied ana-
lytes the amount of sweat collected was sufficient. However, the
lactate determination required a large quäntity of sweat fluid and
for some subjects the amount available was not sufficient. In some




The serum concentration of electrolytes was similär in
all groups, and there were no significant differences
ampng the various age gfoups or between males and
females. The concentrations of electrolytes in sweat are
shown in table l for Na+, table 2 for K+ and table 3
for er.
These tables show that electrolyte concentrations in
sweat fluid increase with age. This increment was more
apparent in males. In the same age group the electrolyte
concentration in males was higher than in females.
The relationship between the concentrations of electro^
lytes was demonstrated in sweat obtained after pilocar-
pin Stimulation (12); in every age group Na+ was higher
Tab. l Concentration of Na+ (mmol/1) in sweat fluid.
Age (a) 6-15
Range = 2.5-97.5 percentiles
n = number of samples collected
N S = not significant













































Statistical significänce between groups
, < 0.1; II, < 0.05; III, < 0.02; IV, < 0.002
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Range = 2.5-97.5 percentiles
n = number of samples collected
NS = not significant
Statistical significance bctween groups
Ι, α < 0.1; Π, α < 0.05; III, α < 0.02; IV, α < 0.002



















































Range = 2.5-97.5 percentiles
n = number of samples collected
NS = not significant
Statistical significance between groups
Ι, α < 0.1; Π, α < 0.05; ΠΙ, α < 0.02; IV, α < 0.002
than Cl by approximately 5 mmol/1, and the ratio of
Na+ to K+ was approximately 3:1.
Thes results agree with those of other authqrs using pilo-
carpine-stimulated sweat fluid (13 — 15).
Concentration of lactate
It has been found that lactate Concentration depends on
the activity of sweat gland rather than on the age. As
can be seen firom table 4, the third age group exhibited
the highest Concentration. On the other hand, its concen-
tration is rather low both in the first and fifth groups.
Concentrations of urea and glucose
The Concentration of urea in serum was nearly the same
in both sexes of all age groups.
The Concentration of urea in sweat is shown in table 5
and the Concentration of glucose in table 6. These tables
reveal that concentrations of urea and glucose in sweat
increased with age, and this increase was more apparent
in males. The Concentration in males was higher than in
the females of the same age group.
In sweat, the urea Concentration was six or more times
its serum level, while the glucose Concentration was
lower than its serum level.
Concentrations of total protein and total
lipids
The Concentration of total protein in serum was nearly
the same in all age groups with no significant difference
between males and females.
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Range = 2.5-97.5 percentiles





































Statistical significance between groups
Ι, α < 0.1; II, α < 0.05; III, α < 0.02; IV, α < 0.002





















Range = 2.5-97.5 percentiles






































Statistical significance between groups
Ι, α < 0.1; Π, α < 0.05; IH, α < 0.02; IV, α < 0.002


























































Range = 2.5-97.5 percentiles
n = number of samples collected
NS = not significant
Statistical significance between groups
I, < 0.1; Π, > 0.05; ΙΪΙ, < 0.02; IV, < 0.002
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Range = 2.5-97.5 percentiles
n = number of samples collected
NS = not significant
Statistical significance between groups
l, α < 0.1; II, α < 0.05; III, α < 0.02; IV, α < 0.002
The concentration of total lipids was higher in males
than in females (see tab. 7), whereas the concentration
of total protein (tab. 8) was higher in females than in
males of the same age group. This is the only quantity
that was higher in females than in males. However, total
lipids and total protein show no relationship with age.
All tested samples of urine were clear and none showed
the presence of albumin or glucose.
Discussion
Although sample collection was s quick s possible,
evaporation cannot be ruled out. However, since this
study concentrates mainly on comparing results from
different age groups this point may not affect the general
conclusion, but may be considered when comparing our
results with those of others.
Electrolytes concentrations
It has been reported that aging affects the rate of Na4"
excretion in sweat fluid (16). However, these results
were clear in males but obscure in females.
In the present report, an age-related increase of Na4" was
apparent in both sexes, although the increase between
successive age groups is not significant (tab. 1). On the
other hand, if we compare the values of the first group
(children) and the fifth group we see that they differ
significantly (a < 0.0001). This increase in Na+ in
sweat fluid with age may be attributed to one of the
following factors:
a) Decrease of sodium resorption in the sweat gland
duct (16, 27).
b) Increase of water resorption by the duct (18).























































Range = 2.5-97.5 percentiles
n = number of samples collected
NS = not significant
Statistical significance between groups
Ι, α < 0.1; II, α < 0.05; III, α < 0,02; α < 0.002
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c) Decrease in the sensitivity of the sweat gland to
aldosterone with age (16, 17).
This increase in Na+ is followed by a concomitant in-
crease in the concentration in the sweat fluid (12,
19).
Similiarly, the K+ concentration in sweat fluid also in-
creased with age. This increase is very apparent when
comparing the first and fifth groups. The mechanism of
K+ excretion is somewhat different. It has been sug-
gested that it may partially be due to secretion by the
duct (12, 20) and increased K"1" permeability of the duc-
tal wall, äs well äs increased negative potential (1).
The lower electrolyte concentration in females in all
groups may be due to the higher serum aldosterone con-
centration in females (21). This causes an increase in
the resorption of Na+ in the duct, resulting in a lower
concentration in sweat fluid.
Lactate concentration
Since lactate is the end product of carbohydrate metab-
olism in the sweat gland, the more active gland will
produce more lactate. The much higher lactate concen-
tration in sweat than in the corresponding serum (up to 8
times) Supports the idea that lactate in sweat fluid comes
primarily from the gland itself. The lower lactate con-
centration in the group of children (despite their high
physical activity) is explained by their decreased sweat-
ing capacity, due to the decreased activity öf their sweat
glands (12, 22).
The older subjects may have reduced activity in general,
and this is reflected in a lower concentration of sweat
lactate. However, these speculations do not rule out
other factors.
the urea concentration of sweat could even be äs high
äs 6 or more times that of the serum.
In both sexes, the concentration of ureä in sweat was
more age-related than that of other quantitites. This high
urea concentration and the weak linear relationship with
its serum concentration leads us.-to believe that the urea
in sweat originales primarily frörn the gland itself,
which woüld support previous findings (23). However a
more speculative approach is that there may be a selec-
tive active excretion of urea in the sweat gland duct.
This needs to be further elücidated.
The exact amount of urea excreted in sweat during the
hot season is appreciable. The possible benefit of this
for uraemic patients requires fiirther investigation.
Glucose concentration
The glucose concentration of sweat fluid is lower than
that of blood. Oür findings support a previous report
(25). However, our results show a gradual increase in
sweat fluid glucose concentration with age in both sexes,
and this was more apparent in males.
This age-related increase (though not alwäys statistically
significant) may be due to increasing permeability of the
blood vessels during the formation of primary sweat
fluid with age. Another possibility is that glucose trans-
port across the membrane decreases with age, so that
the quantity of glucose entering the cells of the sweat
gland is decreased. This would lead to excessive ävail-
ability of glucose and increased secretion into the
sweat fluid.
Although the presence of glucose in sweat häs been re-
ported previously, the present work provides more de-
tailed information. The occurrence of glucose in sweat
could be studied fiirther and may prove usefiil for diag-
nosis and follow-up of diabetic patients.
Urea concentration
It is known that the urea concentration of sweat fluid
may be 4 times higher than its serum concentration, es-
pecially after exercise (23, 24). Our results showed that
Concentration of total lipids and total protein
These two quantities show no significant relationship
with aging. The concentrations of total protein are gen-
erälly higher in females than in age-matched males.
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